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1. 


A  FURTHER  INVESTIGATION  OF  THE 
CHLORIDFS  OF  0RTH0SULPH03!-:NZ0IC  ACID. 

I.  INTRODUCTION. 

(1) 
In  1889  Remsen  and  Dohme   allowed  phosphorus  pej 

chloride  to  react  v/ith  the  acid  ammonium  salt  of  orthosulpho- 

benzoic  acid.   The  chloride  thu3  obtained  was  submitted  to 

investigation.   Its  reactions  with  water,  alcohols  and 

ammonia  were  studied,  and  no  evidence  was  obtained  to  cast 

(2) 

doubt  upon  its  chemical  individuality.   P.emsen  and  Coates 

studied  the  reaction  of  anilin  upon  the  chloride,  and  obtain- 
ed two  isomeric  products  of  the  composition  C^gH^ gN^SO^. 
led  them  to  advance  the  hypothesis  that  the  chloride  thus 
prepared  was  in  reality  a  mixture  of  two  isomeric  chlorides, 

one  of  the  symmetrical,  the  other  of  the  unsymmetrical 

f3) 
structure.   Remsen  and  Kohler'   continued  the  work,  and 

succeeded  in  isolating  one  of  the  constituents  of  the 

mixture  in  fairly  pure  condition.   They  found  it  to  be  a 

well  crystallized  substance  melting  at  76  .   The  other  was 


(1)  Am.  Chem.  J.  1^,  332. 

(2)  Ibid.  17.  309. 

(3)  Ibid.  17.  309. 


2. 

obtained  as  an  oil  which  did  not  c. j  Later  Remsen 

and  Saunders   'obtained  the  same  chloride  in  crystal! 

0       o  (?) 

form.   It  melted  at  21.5  -  22.5.   Remsen  and  McKee   con- 
tinued the  work  and  were  able  to  isolate  the  high-melting 
chloride  in  pure  condition  (melting  point  79  -  79.5).   By 
crystallization  of  the  mixed  chlorides  from  ligroin  they 
also  obtained  the  chloride  melting  at  21°.  5  -  22°  5  .   The 
melting  point  could  not  be  changed  by  repeated  crystalliz- 
ation.  Though  this  substance  was  afterward  shown  to  be 
composed  of  equal  molecules  of  the  high-melting  chloride 
and  another  melting  at  40' ,  the  constituents  seem  to  be 
held  in  loose  chemical  combination  rather  than  in  mechan- 
ical mixture.   In  the  next  year  Remsen  and  Chambers  %> dis- 
covered that  the  chlorides  could  be  separated  by  ammonia 
and  the  high-melting  one  obtained  pure.   In  1898  List  and 
Stein   'showed  that  the  chloride  melting  at  21.5  -  22.5 
was  not  pure,  but  that  it  consisted  of  a  mixture  of  a 
chloride  melting  at  79.5  and  another  melting  at  4-0  . 
They  effected  the  separation  by  distilling  the  mixture 
under  reduced  pressure,  and  also  originated  the  method 
which  is  now  employed  for  the  preparation  of  the  lov 
melting  chloride. 


(1)  Loc.  cit. 

(2)  Ibid.  18.  794. 

(3)  Ibid.  18.  791. 

(4)  Ber.  d.  chem.  Ges.  31.  1648. 


action  of  the  various  reagents  on  the  chl  i 
oeen  carefully  studied   and  the  conclusion  reached 
that  to  the  high-melting  chloride  the  symmetrical  formula 
must  be  assigned,  while  the  low-melting  chloride  has  re- 
ceived the  unsymmetrical  formula.   While  the  evidence  forthe 
symmetrical  nature  of  the  former  has  been  made  clear,  in 
the  case  of  the  latter  more  difficulty  has  been  found  in 
arriving  at  any  definite  conclusion.   The  products  derived 
from  the  high-melting  chloride  are  usually  well  character- 
ised and  their  structures  point  definitely  to  the  symmetric- 
al nature  of  the  chloride.   Those  derived  from  the  low-melt- 
ing chloride  on  the  other  hand,  while  sometimes  character- 
istic, are  often  identical  with  those  derived  from  its 
isomer,  a  fact  which  has  made  the  problem  a  difficult  one 
with  which  to  deal. 

II.  PREPARATION  OP  MATERIALS. 
The  derivatives  of  orthosulphobenzoic  acid  employed 
in  this  investigation  were  prepared  by  methods  which  have 
been  fully  described  by  previous  workers.   No  changes  were 
introduced  except  in  the  preparation  of  the  lew-melting 
chloride,  which  will  be  described.   Other  reagents  employed, 
sodium  ethylate,  phosphorus  oxychloride  and  thionyl  chloride, 
and  the  organic  anhydrides  were  prepared  by  the  usual  me* 


(1)  Remsen,  A.m.  Chem.  J.  30. 


PREPARAT] TH  OHLORI] 

The  method  formerly  employed  for  the  preparation 
of  the  low-melting  chloride  consisted  in  he      the 
neutral  potassium  salt  with  phosphorus  oxychloride  in  a 
sealed  tube  for  five  hours  or  more.   The  temperature  was 
not  allowed  to  exceed  135  ,  since  orthochlorbenzoyl 
chloride  is  formed  at  this  point.   The  method  here  employ- 
ed differs  from  the  above  only  in  that  the  mixture  is 
heated  in  a  flask  and  not  under  pressure.   It  was  worked 
out  by  Mr.  K.  G.  Palk. 

One  hundred  'grams  of  the  dried  and  finely  pulver- 
ized neutral  potassium  salt  arc  placed  in  a  250  cc.  round- 
bottom  flask  and  80  grams  (1.5  mols. )  phosphorus  oxychlor- 
ide are  added.   After  thoroughly  mixing  the  materials  a 
cork  bearing  an  air  condenser  is  inserted  in  the  neck  of 
the  flask,  and  the  whole  is  heated  in  a  bath  of  sulphuric 
acid  or  paraffine  for  fourteen  hours  at  130°.   At  the  end 
of  this  time  the  mass  is  removed  from  the  flask  by  a  spat- 
ula and  on  cooling  is  ground  with  ice  water  in  a  mortar. 

This  treatment  is  necessary  in  order  to  remove 
excess  of  the  oxychloride  and  also  the  potassium  chlor". 
formed  in  the  reaction.   The  washing  is  repeated  several 
times.   Th  -ed  portion  which  settles  to  the  bottom 

of  the  mortar  consists  largely  of  the  low-melting  chloride. 
It  is  filtered  off  in  a  Buchner  funnel  provid      h  a 
muslin  fill 


plate  the  chl 
The  melting  point  of  the  pun       nee  is  40  .   A 
crystallization  may  be  necessary. 

As  it  is  impossible  to  dry  the  chloride  thoroughly 
by  means  of  a  porous  plate,  and  since  the  water  rem.' 
interferes  considerably  with  the  crystallization,  it  has 
been  found  advantageous  to  dissolve  the  chloride  in  ether 
at  this  point,  and  after  filtering  off  any  insoluble 
matter  to  dry  the  etherial  solution  over  calcium  chloride 
as  in  the  case  of  the  high-melting  chloride.   After  filtrat- 
ion the  ether  is  distilled  off  and  the  chloride  crystallized 
as  before. 

III.  THE  ACTION  0£  HYDROCHLORIC  ACID  OK  ORGANIC  ANHYr  r 

The  action  of  alcohols  on  the  low-melting  chloride 
in  the  cold  has  been  shown  to  consist  in  the  formation  of 
symmetrical  esterchlorides ,  a  fact  which  taken  by  itself 
v/ould  prove  a  strong  argument  for  the  symmetrical  nature 
of  the  chloride.   In  the  light  of  the  other  evidence  Jr.- 
it  is  plain  that  this  reaction  is  of  no  value  in  determinii 
the  structure  of  the  chloride,  and  in  view  of  the  fact 
all  of  the  distinguishing  reactions  show  it  to  be  unsymmel 
al,  there  must  be  some  other  explanation  for  the  peculiar 
action  of  alcohol.   It  is  always  possible  to  assume 
molecular  rearrangement.   A  mor 


suggested  by  P        however, 

that  the  course  of  the  reaction  may  be  as  f ol ] 

ethyl  alcohol  is  allowed  to  react  upon  the  low-melting 

chloride,  the  first  step  in  the  reaction  would  be  the 

substitution  of  the  chlorine  atoms  by  the  eth 

thus: 


C 


OG   H 
2    - 


^/CCl  /    W 

0,-H^  '/0  +  2C   IT  OH=C   W  X0  +  2HC1. 

6   4\S0^  °   5  6   4 

so2 

The   anhydride  v;ould   then  take  up  hydrochloric   acid, 
,/:CA  C/°C2H5 

C6<  No   5  +   HOI  =    C6H4         \„S        , 

^SO  ^SO   CI 

2  2 

and  the  product  thus  formed  would  lose  alcohol  and  p; 
into  the  ester  chloride  without  the  assumption  of 
molecular  rearrangement. 


/OC  H 
C^ 

/     \0CgH5  .C00CoHc 

C   H  OH      J   =     CflH;  ■    +    C„H*0H. 

6   \  ^S0?C1 

xso2ci 

In  order  to  test  this  view  experimentally ,  the 
action  of  dry  hydrochloric  acid  on  various  organic 
anhydrides  was  tried.    On  looking  up  the  literature  on 
the  subject  it  was  found  that  the  reac' '      ad  been 


(1)   Am.  Chem.  J.  30.  ! 


[2] 

,ic   ,  !■ 
tic    ,  and  some  others,  while  no  mentioi 
iments  with  the  anhydrides  of  dibasic  acids  or  inn 
hydrides  had  been  recorded.   In  order  to  become  familiar 
with  the  conditions  necessary  to  the  success  of  the  expr, 
ment,  the  work  above  referred  to  was  repeated. 

A  quantity  of  s.cetic  anhydride  was  placed  in  a 
small  distilling  bulb,  a  condenser  was  attached  and  the 
bulb  hea,ted  on  the  water  bath.   Dry  hydrochloric  acid  was 
led  into  the  anhydride  and  reaction  took  place  immediately. 
Acetyl  chloride  distilled  into  the  receiver.   After  the  dis- 
tillation had  ceased,  the  residue  in  the  flask  was  exami 
and  found  to  be  acetic  acid.   The  reaction  is  to  be  repre- 
sented as  folio1 

CH„C0.      H      CH,C00H 

>+  I   =     + 

CH  CCT     CI     CH3COOI 

The  reaction  of  dry  hydrochloric  acid  upon  benzoic 
anhydride  was  found  to  be  entirely  analogous.    The  experi- 
ment was  carried  out  both  with  the  molten  anhydride  and  with 
a  benzene  solution.    Benzoic  acid  and  benzoyl  chloride  were 
the  products  formed. 

In  the  case  of  the  mixed  benzoic-acetic  anhydride, 
the  experiment  was  conducted  as  described  above  with  acetic 


(1)  II.  C-al,  Ann.  Ghim.  Phys.   (3)  66. 

(2)  Gosling,  Ann.  Chem.   118.   303. 

(3)  Green,   Bull.  Soc.  C.      33.   4?6. 


a. 

and  acetyl  ch] 
was  made  to  determine  the  relat 

reactions  a 

C6K5C0  C6H5C00H  -+■  C6H5C0C1 

2         0  4-  2HC1  = 

CHgCCT  CH3COCI  +  CH^COOH 

Having  found  that  the  anhydrides  oi     basic  ac 
dry 
react  readily  withAhydrochloric  acid,  attention  was  t 

to  the  inner  arih}        Phthalic  as  first 

tried.   A  quantity  of  the  anhydride  was  placed  in  a 
having  a  return  condenser  attached.   By  means  of  a  tube 
passing  through  the  cork  and  extending  nearly  to  the 
bottom  of  the  flask,  the  hydrochloric  acid  was  admitted. 
3r  was  used  as  the  solvent.   The  ether  was  heated  to 
boiling  during  the  experiment.   At  the  end  of  an  hour  1 
contents  of  the  flask  were  examined  but  no  reaction 

n  place.   Owing  to  the  slight  solubility  of  phthalic 
anhydride  in  ether,  a  greater  part  of  it  rear- 
ed during  the  operation.   Thinking  tiia+  ' 

lered  the  reaction,  a  quantity  of  the  anhy  : 
in  a  1e      st  tube  and 
ydroc  it.   Co: 

1 


ied.    Here 
factorj  Iride. 

It  f 
n.        It  w 

observe  ,  -d  under  the 

>le  circumstances.    A  solutj     "  the  anhydride  in 
benzene  was  heated  to  boilin     I  -~      three 

hours, while  hydrochloric  acid  was  constantly  ;       th] 
the  solution.         end  of  that  time  the  be 
tilled  off  and  the  anhydride  w    ""1  recovered  unchang 

rder  to  subject  the  anhydride  to  more  energetic  treat- 
ment, a  quant'.  .        ced  in  a  test  tub'         ^eated 

its  melting  point  (116-117°)  for  an  hour,  in  p.  bath 
sulph  ric  acid.    Hydro  c'    '         s  constant...;  p 
thr   '      .  lten  material.   At  the  end  of  that  time  the 

was  cooled  a:       Lned.   It  was  found  to  cc 
unc:         oinic  anhydride  l1  w  'h  hydriod-- 

ic  acid  at  a  tempera  1       150  fa' 3 
reac  s. 

.  ,  *  that  thj  - 

inclination  to  react  the  dj 

'     Led,  '         3  phonic  aci 

up.  ver. 


10. 

rve  the  effect  of  hydrochl 
er  conditions  as  nearly  as  possible  like  the-   -    nt 
in  the  reaction  between  alcohols  and  the  low-melting  "' 
ide,  the  following  experiment  was  performed. 

LI  cooled  methyl  alcohol  in  a  test  tube 
urated  with  dry  hydrochloric  acid, and  to  it  was  added  five 
grams  of  sulphobenzoic  anhydride.    The  tube  was  kept  sub- 
merged in  ice  water  and  hydrochloric  acid  was  passed 
the  solution.   At  this  temperature  the  anhydride  dissolved 
slowly  and  with  no  apparent  evolution  of  heat.   After  one 
and  one  half  hours  the  solution  was  poured  into  a  beaker 
and  the  alcohol  evaporated  by  drawing  air  through  it,  as 
has  been  described  in  preparing  the  orthosulphone  chloride 
of  methyl  benzoate.    The  only  product  of  this  reaction 
jrthosulphonic  acid  of  methyl  benzoate. 
.CO  .COOCH3 

C6H4        /°  ~  ch3oh  =  c6h;;  "+hpo. 

XS0/  ^S0?0H 

This  experiment  might  be  criticized  on  the  ground  that  no 
evidence  has  been  brought  forward  to  show  that  the  ester 
chloride  is  not  first  formed  and  immediately  saponified 
the  acid.    It  has  already  been  shown,  however,  that  the 
orthosulphone  chloride  of  methyl  benzoate  can  be  crystall- 
ized from  alcohol,  a  fact  which  precludes  an  objection 
i  sort, 

Th  inducted  -with 


the  chl  id   in  t 

action  betwi       anhydride  and  hydro  chl  or 

the  presence  of  a  reducing  agent 
of  water  by  chlorine,  go  it  was  thought  possible  that  the 
presence  of  benzene  and  aluminium  chloride  might  aid  in 

case.   Five  grams  of  sulphobenzoic  an  .         3  dis- 
solved in  pure  dry  benzene  contained  in  a  small  balloon 
flask.   A  return  condenser  was  attached  and  the  flask  p3 
on  the  boiling  water-bath.   Hydrochloric  acid  was  passed 
agh  the  solution  and  aluminium  chloride  was  adde 
to  time.   After  two  hours  the  flask  was  taken  down 
and  its  contents  examined.   No  condensation  product 
obtained.   Had  the  hydrochloric  acid  succeeded  in  breaking 
the  anhydride  ring  the  chloride  thus  formed  should  have 
condensed  with  the  benzene  to  form  phenylsulphoneorthbcar- 

bonic  acid,  thus: 

/C(K  /COOH 


I-    CaHa  /9  +  HC1   =    °rHA 


COOH  ^COOH 


II.  C,H^      +C AH  =  C,H;f       +   HC1. 
6  4^S02G1    °  6      6  4^S0oC6H5 

From  these  experiments  it  is  seen  that  th 
drides  of  the  dibasic  acids  studied  do  not  react  with  dry 
hydrochloric  acid,  while  those  of  monobasic  ac : 
easily  attacked.   T1  srefc 
est    .  the  ac: 

'  u 


i 

: 
low-melting  chloride  also  seems  to  argue  • 
planati 

IV.  THE  ACTION  OP  ALCOHOLS  A?TD  ALCOHOL -\T^ 3  21   THE  CHLORI 

The  action  of  alcohols  upon  the  chloi •: 

(1  - 
riously  studied  in  this  laboral  rj    a3  well  as  el: 

(2) 

where   and  has  shown  that  the  first  products  formed  are 

'  chlorides  which  upon  further  action  of  the  alcohol 
are  transformed  into  the  ester  acids. 

CC10  /C00C.V 

>2C 


I.    C   H  >0  +   CoH-0I!    =  C   \V  +  HC1. 

6   4^S<V^  2   5  6   4^S0.G1 


C00C?H5  OOOCpH,. 

ii.  c,Hf  +  c0h,.oh  =  c  h;  j  +  hoi. 

6  4^302C1      2   5       6  4^S0s0C2H5 


^C0CG2H5  .C00CoH- 

III.    CH  +   coH«,0H   =  CfiHX  +   (CpH^)n0. 

*XS020C2H5  '   5  6    W3020H 

With  the  low-melting  chloride  the  ester  chloride  is  easily 
formed  while  its  isomer  is  only  slowly  attacked  by  cold 
alcohol. 

The  work  along  this  line  was  continued  by  R.M.Bird 
who  studied  the  action  of  the  alcoholates  as  well.  A  brief 


(1)  Remsen  and  Dohmo ;  Karlslake,   Am.  Ohem.  J.  2J_*  !>41. 

(2)  List  ani  Stein,  Ber.  d.  chem.  Ges.   31.  1659. 

(3)  Am.  Chem.  J.  30.  247. 


13. 

I  ]  . 
>lved  in  cold  methyl  alcohol 
Lilphone  .  chloride  oi    hy]         .   Upon  evaporat- 
ing the  solution  the  substance  separated  in  small  d" 

hich  melted  at  57°  -  58°  (con-.), 
were  soluble  in  alcohol  and  ether,  but  in 

Cold  dilute  caustic  soda  did  not  affect  the  subs       but 
upon  boiling  it  dissolved  and  chlorine  was  removed. 

When  the  low  -melting  chloride  was  dissolved  in 
■iyl  alcohol  and  the  alcohol  immediately  boiled  off,  the 
orthosul phonic  acid  of  methyl  benzoate  was  obtained.   An- 
other product  of  this  reaction  was  an  oil  which  was  shown 
to  contain  chlorine,  and  to  it  was  assigned  the  formula  of 
the  above  described  orthosul  phone  chloride  of  me  thy"1 
zoate.   It  is  not  stated  that  the  oil  became  crystalline, 
however* 

The  orthosul phone  chloride  of  ethyl  benzoate 
obtained  by  treating  dry  low-melting  chloride  with  an  ax 
holic  solution  of  sodium-  ethylate  until  no  more  sodium  cl 
Lde  was  precipitated.   Upon  extraction  with  ether  and  ev 
-ion  of  its,  an  oil  remained  insoluble  in  wa 

bat  soluble  in  alcohol  and  ether.   When  boiled  wi1 
was  hydrolyzod  to  an  acid  and  hydrochloric  acid  \. 
ated.   Treatment  with  ammonia  yielded  the  ort] 
f  ethyl  benzoate. 
What  wa 


£  '  on  of  the  low-n  .   As  s 

product  of  this  reaction  another  oil  was  obtained  which 
answered  the  description  of  the  diethyl  ester  of  orth 
sulphobenzoic  acid  obtained  by  R  msen  and  I       .It 
was  soluble  in  water,  alcohol,  and  ether,  and  contained 
no  chlorine. 

By  this  same  treatment  and  two  hours1  standing  be- 
fore examining  the  products, the  sodium  salt  of  the  formula 

. C00C2H5 
CgH^  was  formed. 

^SOgONa 

A  slightly  warm  emulsion  of  1.070  grams  of  sodium 

ethylate  in  absolute  alcohol  was  gradually  added  to  1.996 

grams  of  the  low-melting  chloride  in  etherial  solution. 

The  reaction  progressed  until  one  half  of  the  ethylate  had 

been  added,  when  it  suddenly  stopped  and  could  be  induced 

to  go  no  further.  The  resulting  product  was  an  oil. 

"nia, crystals  were  produced  which  melted  at  225  - 
226°  .   They  -'/ere  acid  toward  litmus  and  potassium  carb 
ate.   The  crystals  yielded  a  sweet  taste  when  boiled  wi1 
strong  ammonia,  as  did  the  oil  when  boiled  with  concentrat- 
ed ammonia.   Upon  boiling  the  oil  with  water  It  was  hydro- 
iyzed  to  an  acid.  No  formula  was  assigned  to  the  sub 

An  excess  of  ethyl  alcohol  was  added  to  the  low- 
melting  chloride  and  boiled  for  thirty- Cive  minutes.   There 


(1)  Am.  Chem.  J.  11.  332. 


resu] 

wat.     ,  ther;    it  contai  no  cl 

boiling  with  sodium  hydroxide,  ethyl  alcohol  w   "   ned. 

formula  assigned  was  that  of  the  diethyl  ester: 

.COOC_H_ 
C6H4-T     2  5 

^SOgOOgHg 

None  of  the  compounds  above  described,  with  t 
exception  of  the  orthosulphone  chloride  of  methyl  benzoate 
and  the  sodium  salt  of  ethyl  orthosulphobenzoate  were  an- 
alyzed.  Certain  considerations  made  it  seem  well  to  re- 
peat the  work-' 

1.  The  formation  of  ester  chlorides  by  the  action  of 
sodium  ethylate  on  the  chlorides,  and  the  impossibility 
of  causing  the  reaction  to  go  further. 

2.  The  solubility  of  the  so-called  diethyl  este 
in  water. 

3.  The  production  of  a  substance  of  acid  reaction  by 
boiling  with  ammonia. 

4.  The  impossibility  of  obtaining  the  ester  of  a  sul- 
phonic  acid  by  boiling  its  chloride  with  alcohol.  Sulpl' 

ic  acid  esters  are  saponified  by  this  process. 

ACTION  OP  METHYL  ALCOHOL  ON  THE  LOW  MELTING  CHLORIDE. 
Ten  grams  of  the  low-melting  chloride  wei 
ed  in  thirty  or  forty  cc.  of  c:>ld  methyl  alcohol,  and  t] 

Lution  al] 


time  .  ited  by   warming 

drawing  air  through  it.   When  the  proper  concentr 

cached,  very  small  diamond  si         tals 

separated  from  the  solution.    The  evaporati 

ed  until  no  more  crystals  separated,  when  they  were  fill 

ed  off  :      ihed  with  water  to  remove  the  alcohol  a 

hydrochloric  acid  which  is  formed  in  the  reaction.   The 

substance  agreed  in  all  its  chemical  properties  with  that 

prepared  by  Bird.   It  is  soluble  in  alcohol  and  ether,  b 

insoluble  in  water.   Cold  alkali,  whether  concentrated  or 

dilute,  has  no  effect  upon  the  substance,  but  on  boil 

it  dissolves  and  chlorine  is  removed.   The  melting  point, 

53  -  64  (uncorr. )  is  somewhat  higher  than  that  given  by 

Bird,  but  it  is  probable  that  his  material  was  somewhat 

impure,  since  his  analytic  figures  differ  considerably 

from  the  calculated  values. 

Upon  analysis  the  substance  yielded  the  followi 

figures  ^\ 

I.  0.1062  gram  gave  0.1592  gram  C02  and  0.0^76  gram  T'^: 

II.  0.2354  gram  gave  0.2401  gram  BaSO^.  (Carius). 

To  determine  the  chlorine  the  substance  was  sap 

oy  heating  with  pure  caustic  soda  and  then  tit 

(l)   The  method  employed  for  the  deter''     n  of  carbon 
and  hydrogen  was  devl3ed  by  Professor  H.N.Morse.   Mr. L. 
Taylor  of  this  lab      y  has  made  the  development 
me'.  ct  of  his  dissertation.  S 

lor,  Am. Chem. J . 33 .    .  See  also  . 
J.H.U.  190 


to  neutrality  with  nitric  acid.  The  ch  was  the 
termined  with  atenth  normal  solution  of  silver  nitra~ 
Sodium  chromate  was  used  as  the  indicator. 


III.   0.1835  gram  required  7.8cc.  JL  AgNO,, 

10 


p   G6H4\ 

OOOCH^ 
S0?C1 

Pound. 

C      40. 90$ 

40. 83^ 

H        3.01 

2.92 

CI   15.11 

15.06 

S      13.66 

14.00 

The  reaction  is  to  be  expressed  as  follows: 

SClg  .COOCH3 

CaHa      J>°  +CH3OH  =  C6H4.      '"  -f  HC1. 
6  4^so2^  *^S0'2C1 

The  action  of  boiling  ethyl  and  methyl  alcohols 
has  been  fully  investigated  by  former  workers'   . 
reaction  with  methyl  alcohol  was  repeated  and  the  product 
was  found  to  be  ester  acid.   No  trace  of  the  oil  contain- 
ing chlorine  as  described  by  Bird  was  obtained.   The 
ogous  reactions  with  ethyl  alcohol  have  already  been  giv 
on  page  12. 

0T'  THE  HIGH  MELTING  CHLORIDE, 
On  the  high  melting  chloride   the  alt 
al  react  with  lee.         n  upon  the  low  melting  c> 


(1)   Rem  ,  Am.  Chem.  J.  11.  • 

Rem  "  .  Am.  Chem.  J.  18   82J 


By   boiling  e:      hloride  with  95/£  ethyl  al 
for  some  hours,  Bird  obtained  an  acid  of  which  the  b 
salt  contained  from  28#  to  29.5/£  of  barium.  Humphreys  • 1 
had  already  obtained  the  same  acid  by  boiling  the  ortho- 
sulphone  chloride  of  phenyl  benzoate  for  twelve  hours  in 
absolute  alcohol. 

In  the  course  of  this  investigation  the  read 
described  by  Bird  was  repeated  with  the  hope  of  obtaining 

;  light  on  the  composition  of  this  acid.   Five  grams  of 
the  high-melting  chloride  were  boiled  for  thirteen  hours 
with  absolute  ethyl  alcohol.   The  formation  of  ethyl  ch: 
ide  was  continuous.   After  the  reaction  was  over  the  alco- 
hol was  distilled  off  and  the  remaining  hydrochloric  acid 
was  expelled  by  heating  on  the  water-bath.   The  ma 
remaining  was  dissolved  in  water,  filtered  from  the  small 
insoluble  residue  and  boiled  with  barium  carbonate  until 
no  more  was  dissolved.   After  crystallization  was  dr" 
analyzed  for  oarium.   .1800  gram  gave  .0868  gram  BaSO,^. 
Found:   Ba   28.37,^.    This  was  evidently  the  same  ac 
which  had  been  obtained  by   Humphreys  and  Bird.   Since  no 
formula  could  be  assigned  to  the  substance  form  the  anal- 
ysis of  its  barium  salt,  an  effort  was  made  to  get 
structure  in  another  way.   The  experiment       peated 


(1)   See  J.H.U.  1900 


L9. 

ual  quant 3  by  of  the  chloride  and  th 
prepared  as  before.   This  was  converted  in         1 "  um 
salt  and  after  svaporating  to  dryness,  the  salt  was  groi 
in  a  mortar  with  phosphorus  pentachloride.   Reaction 
place  immediately.   After  heating  some  time  to  expel  the 
oxychloride,  water  and  ice  were  added  and  the  material 
ground  until  all  traces  of  the  oxychloride  had  been  remov- 
ed. After  washing  several  times  with  water,  strong  : 
was  added  and  the  mixture  was  warmed  on  the  water-bath.  The 
solutions  became  sweet  and  when  hydrochloric  acid  was  added 
a  heavy  precipitate  of  saccharine  appeared.   This  experii 
pointed  to  the  presence  of  orthosulphobenzoic  acid.    The 
following  considerations  lead  to  the  same  conclusion.   The 
action  of  boiling  alcohol  on  the  chlorides  is  known  t 
duce  the  ester  acid.   Further  action  of  the  alcohol  pre 
ed  the  unidentified  acid.   The  action  of  alcohol  on  the 
phenyl  ester  chloride  must  first  convert  it  into  the  es1 
acid.   Upon  further  boiling  the  same  unidentified  acid 
also  formed.  These  facts  show  that  a  change  in  V 
group  must  have  taken  place.   The  action  of  phosphorus  t 
chloride  already  referred  to  showed  the  acid  to  be  d' 
The  ethyl  esters  of  of  carboxyl  acids  are  not  saponified  by 
absolute  alcohol,  however,  and  a  special  reason  must  be 
sought  in  this  case.   It  has  been  stated  that  ethyl  chlor- 
raied  constantly  and  fc    -  'j  molecule  of  ethy. 
•lecule 


of  b  oe   to  si 

I  result  an  equilibrium  between  orthosulphobenzoic 
acid  and  the  ester  acid.   In  the  experiments  performed  t 
Bird  he  obtained  the  acid  after  three  hours'  boiling  with 
95/£  alcohol,  while  in  the  experiments  last  described  thi 
teen  hours'  heating  with  absolute  alcohol  was  required. 
Providing  that  all  of  the  hydrochloric  acid  formed  in  tl 
reaction  reacted  with  the  alcohol,  then  for  every  molecule 
of  chloride  used  enough  water  would  be  formed  to  saponl 
two  molecules  of  the  ester  acid.   The  presence  of  the  al- 
cohol would  cause  an  equilibrium  to  exist  between  the  esl 
acid  and  orthosulphobenzoic  acid.   It  appears  therefore  that 
the  salt  containing  about  29  per  cent  barium  is  probably  a 
mixture  of  a  salt  of  orthosulphobenzoic  acid  and  a  salt  of 
the  ester  acid. 

V.   ACTION  OP  SODIUM  ETHYLATE. 

HIGH  MELTING  CHLORIDE. 
Five  grams  of  the  high  melting  chloride  were  di- 
ved in  dry  ether  and  an  alcoholic  solution  of  sodium  et; 
ate  was  gradually  added  until  the  reaction  ceased.   The  re- 
action is  best  carried  on  in  a  bottle  so  that  it  may  be 
ed  and  well  shaken  from  time  to  time,  since  the  precipi'-. 
urn  chloride  is  voluminous  and  interferes  with  th 
i.   In  no  case  were  less  than  two  molecules  of  ethylate 
required. 


order  b 

action  was  ^suiting  mixture  was  poured  int. 

funnel  containing  acidulated  water.  The  con- 
tents v/as  thoroughly  shaken  until  the  sodium  chloride  and 
excess  of  ethylate  were  dissolved,  when  the  aque 

run  off.   The  ethereal  layer  was  washed  several  time 
with  v/ater,  then  removed  and  dried  over  calcium  chlo. 
for  twelve  hours.  After  filtration  and  evaporation  of  the 
ether  an  oil  remained  which  was  soluble  in  alcohol  an 
but  insoluble  in  water.   It  was  neutral  to  litmus.   Vari 
methods  for  its  purification  were  tried,  but  none  were 
successful  until  distillation  under  reduced  pressure 
A  portion  of  the  substance  thus  purified 
lysis. 
I.  0.1540  gram  gave  O.oc?99  gram  COg  and  O.O?^  g 
II.  0.3493  gram  gave  0.3243  gram  BaSO.4. 

cooc;2h5 

Calculated  for  0gH4  Found. 

^SOgOCgHs 

C   51112  51.33 

H    5.47  5.37 

S   12.41  12.74 

The    .  g     point  conclusively  to  t] 

.It  b       0-1  o°_  o^0  ^d   ^1 

ure.   At  this  pressure  the  ester  distills 


sulphobenzoic  i  arate.   They  ci 

-y  filtration.   At 

ester  distills  with  much  decomposition.   Among  * 

formed  are  sulphobenzoic  anhydride  and  ethyl  benzoate. 

for::  -  ■'   is  identified  oy   its  melting  point  (1P9°.5) ,   and  by 

its  conversion  into  sul phone  fluorescein  when  E" 

resorcinol.    The  latter  was  detected  by  its  odor. 

Reaction:        C0G1  ,  COOCgHg 

G6H4       +  2NaOC?H5  =  CgH£  +  2NaCl. 

^S02C1  ^-SOpOCoHg 

The  yield  of  ester  by  this  method  was  always  small. 
The  fact  determined  by  Bird  that  when  the  reaction  i 
to  stand  a  salt  of  the  form-.: 

/G00CoH5 

C6H4\ 

^•SO^ONa 

is  foi'med  suggested  the  explanation  of  the  small  yield. 

The  alcohol  used  as  the  solvent  for  the  ethylate  would 

tend  to  saponify  the  ester,  and  the  acid  thus  formed  would 

be  converted  into  its  sodium  salt  by  the  action  of  the 

ethylate.    T   "est  this  point  the  experiment  was  rep 

ed  as  above  with  the  exception  that  no  alcohol  was  used, 

the  ethylate  being  added  in  the  dry  state  to  the  ethere 

solution  of  the  chloride.   The  yield  of  ester     almost 

'   jretical.   No  sulphone  chloride  was  obtained  in  the 

experim 

■ 


c 
ion  pure  ester 

Impure  ester  a.  test  for  c' 

the  pure  substanc      ntirely  free  from  it.   These 
show  that  a  small  quantity  of  unchanged  chloride 
ly  present  in  the  impure  ester.   They  also  tend  to  as- 
certain observations  made  by  Bird,  which  ]  - 

■red  to. 

It  is  a  fact  that  the  action  of  ammonia  upon  the 
ester  produces  a  substance  which  1     n  acid  reac1 
ester  is  boiled  with  frequent  additions  of  concent 
ammonia  until  it  dissolves.   This  operation  requires  half 
an  hour  or  longer.    The  solution  is  then  evaporated 
proper  concentration  and  allowed  to  cool.    If  the  - 

all  been  expelled  from  the  solution,  the  acid 
ium  salt  of  orthobenzoic  acid  separates.   A  dete 
of  the  nitrogen  in  the  salt  showed  this  to  be  the  ca 

0.1097  gram  gave  0.00  6859  gram  nitrogen  (absolut 

COOH 
Calculated  for  CgH, 

XS0p0NH4 

&     6.40$  6.25# 

In  order  to  obtain  confirmatory  evidence  if  i 
ible ,  a  quantity  of  the  acid      .'.urn  salt  of  or 
benz  d  been  made  by  the  hydrolysi 

i;  excess  of  strong  ammor. ". 

• 

■ 


PA 

f  the  acid 

furt]       poration.   Ammonium  b  s  found  to  I 

have  in  the  same  way.   The  reactions  must  be  ex] 

• 

C00CoH5  . C00C2H5 

+  NHA0H  =C6H|" 
•S020C?H5  vS0o0NH4 


I.    CgH^T  +  NH40H  =  CgHr  +  C2H50H 


.G00GpH5  CONHg 

II.    CgH4  +   NH0H  =  CfiH4  +C?H50H. 

"-S020NH4  ^S020NH4 


,  CONHg  , COONH4 

III.    C6H<f  -h    HO  =  CH^ 

^S0?0NH4    &  *^S0o0NH4 


C00NH4  .COOH 

IV.  C6H4        on  further  heating=CgH4        +NH3. 
^S020NH4  ^S020MH4 


With  saponifying  agents,  the  first  point  of  - 
is  the  sul phonic  acid  -roup.   With  aqueous  alkali  tl 
is  only  slowly  attacked  owing  to  its  insolubility  in  water, 
but  when  alcoholic  alkali  is  employed  the  reaction  pi 
with  ease.   The  final  product  of  the  action  of  alkal: 
the  neutral  salt  of  orthosulphohenzoic  acid.   Aqueous  ai. 
cnia  acts  more  easily  than  aqueous  alkali. 

LOW  MELTING  CHLORIDE. 
The  action  of  sodium  ethylate  on  t1 
chloride  ai      alts  in  the  format  . 

ed  f 


0.1537  gram  gave  0.286?  gram  COg  and  0.0794 

^G00CpH5 
Calculated  for  C^H.  Pound 

'   ^S020C2H5 

C    51.12$  51.46^ 

K     5.47  5.86 

The  reaction  was  tried  under  various  conditions,  an  alec 
ic  solution  of  sodium  ethylate  was  added  to  dry  chloride; 
the  chloride  in  ether  was  treated  with  analcoholic  solut- 
ions of  the  ethylate,  and  fimally  dry  ethylate 
an  ethereal  solution  of  the  chloride.   The  1-       found 
to  be  the  most  satisfactory  method. 

The  neutral  oils  soluble  in  water  which  are  desc 
ed  by  Bird  have  not  been  obtained.   Their  solubility  ] 
es  the  possibility  of  their  being  esters  however. 

An  unidentified  product  was  obtained  by  Bird  on 
grinding  together  dry  sodium  ethylate  and  dry  low-melti. 
chloride.  The  reaction  is  explosive,  and  difficult  to 
control.  Furthermore ,  more  or  less  decomposition  ta] 
place.  In  repeating  the  reaction  the  substances  wei 
ed  in  very  small  portions  in  a  large  test  tube  and  were 
stirred  with  a  glac:  rod.   After  tl      itia 

'  i'  were  added  and  the        .:;  shaken.   The  ether 
d  to  contain  a  li;  ate  and 

was  ne 


for  d  the  diethyl  ester. 

VI.  ACTION  OF  BENZENE  AND  ALUMINIUM  CHI 

The  action  of  benzene  in  tl 

chloride  on   the  chlorides  was  first  studied  by 

Saunders   .   They  showed  that  the  high-meltJ 

form, as  the  final  product ,orthobenzoyldiphenylsulphone  i 

follows : 

^COCl  .C0C6H5 

CgHir      +2C6H6  =  C6H4         +  2HC1. 
b  -^SO^Cl  \S0,,C6H5 

This  substance  melts  at  183°-  184°.   In  studying  the  - 
ion  with  a  mixture  of  the  two  chlorides,  by  far  the  larges 
portion  of  the  product  was  the  same  substance.   They 

5  at  the  same  time,  however,  another  substance  melting  at 
162  -  163.   Analysis  showed  it  to  be  of  the  same  emp3 
formula  as  the  above  compound,  but  its  conduct  when  fused 
with  potash  led  them  to  assign  to  it  the  formula  of  the 
lactone, 

C6HC   >9 
S02 

In  their  article  upon  the  chlorides  of  or1 
benzoic  acid  List  and  Stein'2'also  describe  the       ice. 
They  obtained  it  by  the  action  of  benzene  and  alumi 
chloride  upon  the  mixed  chlorides.   The  reactior 
ed  to  proceed  at  ordinary  temperatu 


\m.    Chem.  J.  17*  ?-^> 
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lcoholic  p 
of  a  potassiun 

C6H4 

\ogOK 

Upon  treatment  with  acids  the  lactone  w         ed. 
Since,  it  has  been  possible  to  isolate  the  lo 
melting  chloride  in  pure  condition  many  attempts  have 
been  made  to  prepare  this  substance.   None  of  them  has 
n  successful,  the  sole  product  of  the  reaction  being 
ys  the  symmetrical  compound  orthobenzoyldiphenylsul- 
phone  identical  with  that  derived  from  the  hi       ;ng 
chloride. 

The  writer  made  several  attempts  to  obtain  J' 
lactone  by  the  action  of  benzene  and  aluminium  c1 
upon  the  low-melting  chloride,  but  al" 

reaction  v  3  take  place  at  the  re 

ature,  during  a  period  of  three  or  four  days,  and  al 
the  temperature  of  the  v      bat]        Lt  is  compl- 

short  time.   Finally  a  ml         50  per  cent 
low-melting  chloride  and  ^0  per  cenl 

chloric!  lved  in  pure  dry  I         d  alumi] 

chl 


• 

Th 
chlorides  taken  is  about  that  in  which  they  occur  in 
mixture  which  is  obtained  by  the  action  of  phosphorus 
pentachloride  on  the  acid  potassium  salt.   It  was  with 
this       e  that  List  and  Stein  obtained  their  results. 

From  the  experiments  of  former  workers  as  well 
from  those  last  recorded,  it  would  seem  doubtful  if  the 
product  first  described  by  Remsen  and  late  ■ 

bj  List  and  Stein,  was  in  reality  the  lactone  as  sup 
A  substance  has  been  obtained,  however,  and  will 
ed  presently,  which  analysis  shows  to  be  the  lactone,  r, 
which,  moreover,  agrees  with  the  description  of  the  lac- 
tone made       ive.   Such  being  the  case,  the  conclu 

st  be  that  the  action  of  benzene  and  aluminium  chlor' 
has  in  two  instances  at  least  given  the  lactone.   Pr  m 

1'  other  workers  to  obtain  it,  it  is  evident  th 
pecu         Ltions  must  be  necessary  to  its  fori 

"  C   EXPERIMENTS  WITH  THIONYL  CHLORIDE. 

Since     ...  hods  which  are  employed  for  the 
florid 
low-melting  chloride,  fail  to  give 

Lrable  to  try  tli     Loi      1  Lonyl  chloride 
both  t]      I  and  neutra] 


li- 
lt Of  O] 

bailor,  ht  {2,1 

thionyl  chlori 

as  provider!  at  J  t 
Peligot  tube  containing  a  strong  solution  of  a 
to  -•  dioxide  whic]      "    i  off.  The  re- 

action started    I  ication  of  heat  b. 

become  vigorous.   At  the  temperature  of  the  boiling  • 
bath,  however,  it  progressed  rapidly.   Th     I  Lng  was 
tinued  u  re  sulphur  dioxide  was  liberated,  al 

forty-five  minutes  being  required.   During  tb 
the  reaction  the  mas::.  -1      visccu 

at  the  end  -ance  had  become  like  that 

starch  paste.   The  condenser  was  then  rev 

f  thionyl  chloride  was  distil..  3   Ff.   This  p: 

much  facilitated  by  slightly  diminishing  the  pre 
Aftei         t_p1  of  the  excess  of  thionyl  chlori 

.  ystalline.   It  was  removed  from  the  fi 
and  ground  in  a  mortar  with  water        lng  ice 
poured  into  a  separating  funnel  dvA   shi  ke   wit] 

ether.  n  of  th       ial  did  not  immedj 

go  into  solution  but  '   lly  as  the  shak 

.tinued.   Aft  -  etl        yer  i 


ortb 

treatment  wit]    ter.     '  f 
which  did  not  dissolve  read' 

It  was  found  to  contain  potassium  and  cv 
and  to  show  an  acid  reac": '      th  litmus.  On  boilii 
r  it  was  dissolved  and  hydro  chloric  acid  w, 
mall  qu  porous  plate  i 

desiccator  over  sulphuric  acid.  It  was  he  ~ 
to  obtain  a  specimen  for  ane .  In  fairl; 

diti on,   but  upon  opening  the  desiccator  som 
fumes  of  hydrochloric  acid  escaped  s! 

No   furth«  i 
=  ,  but  evid  sne  i  f  r  "  t   c 
.btainc         h    ethod. 
The 
chloride  was  repeated  in  the  d     Lbed,  but 

of  the  latter, 
alcohol      ..aed   and  the  mixture  boiled, 
an  he  .  Filtered  off.  Upon  cooling  c.  . 

als       ted  in  t]  ■■---.  « 

• 
0.1 C  •     •  '     .  KoS04. 

COOC0H5 

'  r  C,.H. 

6  4^SOgOK 

]  '  9$ 


3] 

The  y '  '  0.5 

ing  that  the  reaction  had  fci'  tl 

yond  th      t  stage.   That  eve       il  quantity  of 

salt  was  obtained,  however,  points  conclur- '  "\  to  the  ; 

sence  of  a  compound  of  the  formula 

^COCl 

C6H4\ 

^•SOgOK 

That  the  structure  of  this  monochlorinated  de^ 

the  neutral  potassium  salt  is  that  which  has  been  ass 

to  it,  rather  than  that  of  the  isomeric  sulphone  chloride 

.COOK 

6  4^so2ci 

is  evident  from  the  fact  that  it  is  esterified  upon 

with  alcohol,  a  reaction  which  does  not  take  place  with 

sulphone  chlorides. 

The  formation  of  the  anhydride,  then,  takes  - 

in  two  stages,  the  first  product  being  a  monochlorinated 

derivative  which  passes  into  the  anhydride  by  loss  of  pot- 

ium  chloride. 

COOK  C0C1 

I.   CfiH^       -t-  S0C19  =  C.H^       +  S0g  +  ".CI. 
^S020K  ~^S0o0K 


"  K     5  4^S0;f 


CI  /CO 


method.   Thirty 

reated  wit]    .  .6 

mols.  )  of  thionyl  chlorid   rid  heated  on  the  w 
unti  dioxio     .  ped.    About       ur 

d.    The  ex      F  thionyl  chloride  was  ti. 
illed  off  and  the  residue  in  th 
with  dry  benze]      Only  7       (31$) 

3d,  howev      It  seems  probable  that  if  the 
heating  had  been  allowed  to  proceed  longer,  a  la. 
would  hr-      n  obtained;  but  the  experiment  was  not 
peated  with  the  neutral  salt,  since  the  acid  salt  wa 
to  give  nuch  more  satisfactory  results. 

The  final  experiment  with  the  neutral 
mpt  to  prepare  a  chloride  of  orthosulphobenzoic 
Twenty       of  thionyl  chloride  was  poured  into  a  C 
tube  and  an  equal  weight  of  the  neutral  salt  added,  and 
rough  mixture  made.   After  heat!.-     ] 25°  for  thirt 
2  tube  was  opened  and  found  to  contain  anhy " 
out  no  chlorid  '.   In  order  to  is-. 

.  if  formed,  t]      ;tion  mi:       as  shaV 
ice  and  ether. 

-  hydrolyzed  by  this  proc        i  quantity  form 
determined. 

S  WITH  THE  ACID  SALT.     Both 


ack  is  the  carboxyl. 

ral,  no  chlorido  was  obtained  either  at 
Led  tube.    As  a  method  of  pre^ 

action  of  thionyl  chloi  und  to  be  v 

satisfactory.    Two  experiments  were  condud 
10  grams  of  the  acid  salt  was  heated  on  the  water-be 
a  large  excess  of  thionyl  chloride.    The  reaction 
plete  in  forty-five  minutes.    After  distilling 

of  thionyl  chloride,  the  residi  acted  with 

dry  benzene.    Fou.       of  the  anhydride  was  obtained, 
Lch  corresponds  to  a  52$  yield. 

The  second  experiment  was  conducted  wit! 
larger  quantities.    Twenty-seven  grams  of  the  acid  salt 
ted  on  the   a     atB 
chloride.    The  volatile  reaction  products 
cape  in  about.    '   ir,  but  the  mixl 

one  half  hours  longer,  and  was  thus  treated  in  the  a 

ths  gram      (Q0f°] 
.;Q. 
In  order   f  suits,    it  h 

advisable    t  '  >nyl   chlorj 

doi    ~ 

■ 


V 

a  in. 
results  of  t;  ' 

neutral  salts  is  the  formation  of  a  monochlorinated 
ative  containing  the  chlorine  in  combination 
bonyl.    This  passes  into  the    ..  Iride  by  the  lo; 

a  chloride.    The  fc       n  of  the  two  dichlori  ' 

benzoic  acid  r       to  be  explained.   In  the 
preparation  of  the  high-melting  chlorides,  about  '  0  i 

m  the  neuta 
salt  is  treated  in  the  same  manner  a  mixture  is  also  ob 
ed.    In  this  case  the  chlorinating  agent  is  the  pentad 

On  the  other  hand,  in  t^ 
of  the  low-melting  chloride  by  the  action  of  phosp] 
chloride  on  the  neutral  salt,  practically  none  of  h 
melting  chloride  is  formed.     T1- 

g  chloride,  then  ,  is  favored      -  action  of  a 
.. rful  chlorinating  agent. 
List  and  I 
phosphoru;:.  anhydr: 

r ise  to  the  fo 
the 


f  ■, 


L25.  .       1 

and  it  was  found  that,  wh      e  reacti       by  no  m 
comple   .  ms  of  the  low-melting  ch]  - 

been  It  was  id  it.  In 

order  to  test  for  the  I   Lgh 

amine ;       added  but  no  sweet  fr- 
action of  phosphorus  pentachlori      oably  I 
follows:  the  anhydride  is  first  fo       d  It  is  attacl 
in  two  waj   bj   I   p     h]      with 

.  substances.       acti  r   "  the  oxychi. 

in  only  or.  ,  since  only  one  p 

is  forr.i         the  action  of  the     ''   xoride  v 
sidered,  one  :: '  shloride, 

ction  all  g  tion,  and  that  a  r      ce- 

ment takes  place.       fact  that  neither  chlori 
chang  I.  into  tl   )ther  by  heat,  al 

jn.         ntachloride,  th  n, 
the  power  to  chlorin      th  the  c 

Lculty ,        al    y 

n  the  ; 
nli  tO  total.    The 


;6. 


lc 

vso„ 

C.H.      ^0— *PC1 


6n4\   ^—^±5 


C«H 


6n4> 


C0C1 


•SOgCl 


C6H4.    >°—  POCI3— C6HA     ^>0. 
^S02  S02 


VIII.  EXPERIMENTS  WITH  MAGNESIUM  PHENYL  BROMIDE. 

ACTION  ON  THE  HIGH  MELTING  CHLORIDE. 

With  the  high-melting  chloride  magnesium  phenyl 
bromide  reacts  only  upon  boiling,  while  with  the  low-melt- 
ing chloride  the  reaction  is  so  violent  that  the  solutions 
must  be  cooled  with  ice  and  mixed  very  slowly.  The  result- 
ing products  are  very  difficult  to  purify.    In  the  case  of 
the  high-melting  chloride  the  product  has  been  fully  ident- 
ified, while  with  the  low-melting  chloride  satisfactory  re- 
sults have  not  been  obtained. 

Ten  grams  of  the  high-melting  chloric.' 
Ln  dry  ether,  and  to  the  solution  was  added  an  ethereal 
solution  of  three  and  one  half  molecules  of  magnesium  p! 
yl  bromide.    The  mixture  was  boiled  for  an  hour  or   two 
til  the  oily  substance  which  settled  to  the  bottom  of  t] 
flask  did  not  increase  in  quantity.   At  : 

T 


poun  ;  residue  in  the  flask  w      1     Lth 

id.    Afte]  *    ■  c 
effected,  the  - 

acid  we]      *ed  off.    It  • 
nges  of  water. 
to  remc ve  any  t 
have  been  present.  .  ul  attei 

purif;       oil,  the  following  meth 

able.   The  oil  •        w  .  to  stand  under  water  for  r 
or  more.  At  the  end  of  this  tj        d  usual" 
for  the  most  part.    It  was  then  heated  tc  boilin 
methyl  alcohol, and  the  alcohol  poured  off  w] 
This  treatment  removed  the  unsolidifi*       Ion.  T 
then  crystallized  from  ethyl  alcohol. 
oil  is  easily  soluble  Ln  alcohol  and  ether.   After  s  lj 
fication, however, it  is  soluble  in  these  solvents 
greater  difficulty. 

T]   p  "-duct  cryst 
]  33°-  194°   It  i 

.id  sulphuric  acids  a  :   ' 
is  produced,  s  h   carbinol  c 

wing  f i 
0.1284  gn  I    0 3  0.0603 

0.  2146  gram  gave  0.1269 


H 

J,/C6H5 
r  C6H4            b   5 

Pound. 

S02C6H5 

C      74.95$ 

74 ,     2  % 

H        5.04 

5.26 

S        8.00 

3.11 

t   (5   s  : 

;Br 

C0C1  /     XC6H5 

I.       CgH^  +  ^CsH5MgBr  =    C6H4  -+-2MgBrCl; 

xso2ci  \ 

G0?G6H5 


OMgBr  OH 

l/C6H5  l/C6H5 

X  C6H5  /         C6H5 

,       CgH/  +  Ho0  =   CfiH£  + 

\  \ 

S02C6H5  S0?G6H5 

3  s  tabl j 
ing  o]  l  phsnylsulphone 

mide.    The  product  '         Lnod  me 

int  of  ' 
Lged.  carbon  and 

following  ." 

0.1^7"  0.7733  gram  CO, 


TO 


/  C6H5 

■  C-H„  Pound. 


6il4> 


•S02G6H5 


C         74.T'     t  74 

II  5. 04  5." 


. 


.  :3r 

I  /C6H5 
C 

t/C0C6H5  /  C6H5 


I.       C6H/  4-   C6H5MgBr    =     CgH4 

^S02C6H5 


S0pC6H5 


OMgBr  OH 

/  ^- /i     tt  /  ^  ft     X3 

/  Kt  pTLf.  /  6    5 

11 '      G6H4X  "  +  HpO   =   C6H4  +MgOH3r. 

XS02C6H5  S0SC6H5 


ACTION  ON  3ULPH0BENZ0IC  ANHYDR" 
stion  of 

- 
1  This  product 

•ed  to  u 

'.8. 

Ld  be  wil  . 


ft 

c*p]         t   163 
»  ,   with  1 

salt    s  :>lubl  -  :idifi 

stai  _ 

I     li 

foil 
I.    0.1070   g  ,ve   0.2772  gram  CO,,     nd    0,  TV~ 

O.PO^C   gr?  B    SO4CC 

/C6H5 


•c;x. 


Calculi'.  °   r*  CfiK, 

6   4\       / 


u6n5 

0  Found. 


S02 
C        70.76,^  70.6    % 

H  4.38  4.6=! 

3  9.95  10.40 

:p 

gBr 

/CO  /i-c6H5. 

S6HC      >  +"  G6H5MgBr  =    06K^  > 

^S02  S02 

OMgBr 

:T.       C:"^  °^o  +C6H5Mg3r    =      — ,  CgHg 

j3r 
•/C6H5  -    •• 

0  c/ 

/  /    ^ 

:i.      36H4  '    +    gHg0=  "    + 


/    30C  ^COOGpH- 

' "                                               &0V  -  OH  C  -!T  f        *■  G 

\S0p0H                                      ^—  6   4^ 

.  300G  .H-           ,COOCfaTT  /G 

^     —                 ^S020C6H5~6"5~  6      ^S02C] 

/C6H30H>^0  ^C6H3OK. 

/    -C6H5OH/  /\c6H30    ' 

C,H,                /O                            CfllU  g«ha             ° 

5      \        /                            ~6~4^QH^^  6   \    / 

SOo  S0p 

^C3\  /C::  U             /C0\ 

G6HW        >'NH*                    —  C6<        — -Cc-< 


°6<3°>M-0H3  ^5&  06H/      /~       %      > 


/  \ 


^(NH    GH3), 

\7 


SO 


CO  /G'^^2^5'2 

l       Y'-C0H  OpH^Ng  C6H^     )ow*mr^C     ^  9H 

/C0N(GH3)2 

(CH^)pNH 
x    32    fCH3)2 


/CO^  /'C6H5NH)? 

C6H4VsoXN°6H6  C6H4No^°  ' 

and  _CfiH=NHo 
CH/        HC6H5  •     /         - 

6   ^OgHHOgHg  6    ^        .. 


\     /       H  \H5  GC!'----""V 


<5 


ir:    — ►c  -< 
xsoPci  x-  p    - 

G0C6H5    /COC6H5 

6  ^so0ci      6^so2c6h5       5  6  c(    n 

C6TTK   > 
XS0o 

GH2  COOH 

C^H;;    ^0  Reducti         C-H. 

X.  CONCLUSIONS. 

From  this  table  it  will  b       that  with  water, 

alcohols  and  all    1     b  th  shlorides  ;.' 

product.   n   thai  t   y  are  syraraetri        Be       ad 

■n  chloride  have  und     ily  y'  lded  an  un 

ical  de  'ivative  in  at  lea  *  *  + 

a  the  si  product       th 

chlorides. 

3  reactions  are  the  • 

a  n  .   With  th'  high-melting  chloride,  t 

products  always  indicate  11    ymm  trical  ns 

,   the  produc 

conditions,  or  botl 

products  may  be  found  in  th 

produc 

j 

I 


,/°6H5 


"    G6H4  ) 


C6H5 


+  H2° 


kSOgOH 


2 


The   subst.  j  Lst  desc    .  'ormed 

of   onl,,  '  ■  cent.         It  Le   thai 

reaction,    In  the  pro dud 

.COG6H5 
to    for      *         icid     C«H  •  aa     ' 

b  *^S020H 


OMgBr 
I 
/>  G  — CgH5 
I.       C^l'  >0     +  HpO 

Ns0o 


°6H4 


OH 
I 
.0 


6"  5 


G  — C 


\ 


6n5 


/  0     +  H20 


OH 
Celt  a  ^0H 


\ 


so. 


'6ri4 


\ 


SOgOH 


• 


OK 
I 

°^~C6H5 

X0H    =    c6h£ 

SOpOH 


C*H 


.C0C6H5 

-SO^OH 


-f  Ho0. 


y 


"sSO„OH 


2 


K 


■ 


HoO 


X      


•  is  the   3      cal. 
bo  unstable  to  sue! 

the  case  of  the  s  alcoholic 

oral.    V.'ith  the  nitrogen 

stabili  \  LsymraetrJ 

to   exist.  iicy   to   pass    ini 

ever,    is  the    fact   that       >th    '  are 

found  in  t1-  -■         jn. 

It   should   be    Dor  i    - 

the   structure   of   the    c 
one  3    '  ->n.  !  . ...  '  nany  inv 

ited   the   only  rational   conclusion  seems   to 
that   the   chlo        -  listinct   chemical    individuals,    t] 

one  mel  t   7-f. 5  bein 

40    bei  sal. 

XI.  THE   CHLORIDES   0?  DIBASIC   ACIDS    IN   GENERAL. 
In 

a  brie 

Th 

; 


"   fT 

Pht'  L; 


ic  acid,  03  '       .      "  the  chl 

I  with 

(9) 

Kolbe  a;.      tin    red         3hlorid< 

sine  and  aqueous  hydrochloric  acid,  and 
supposed,  an  aldehyde  of  the      la  CqH,^-,--. 

,'-7  ' 

h    tm  later  by  Hessert   w   to    : 

:f  a  lac:  ]  id  ace    rd~ 

inglj    '  Lgned   to   it   the    f  ]  phthali 

G6H4Cqo5>0-      a   short    time   a*  -      Friedel   and  Cru   ' 

ne   to   react  upon  phthalyl   chl 
presence   of  aluriinic   chlorid  -1    obtained  a  di'"' 

-■ivative  which    tb  d      apposed  was   to  be        p 

mula     CJuXT/i^  u   •      Baey  3n- 

6  4  ;-,l-'(-'5"5 

1  at  this  time  upon  tb   studj 

Tare  this  substano  '  at 

1  with  alcohol' 3  po1 
..  '       'in  oxyacid.     Upon 

trc  '       '  '  acids 


(]  '   Zeit.  3b   .  "        1863.  r 
(2)   Z.  Chem.   (S)   II.  315. 
( 3 )         .  ]  0   n  445 . 

11.1877. 

202.  50. 


" 

alkali 
carboxyl   acid,   which  when  distilled  with    I 
ium  hydroxj  Jthane.        Th 

j.st  bs  expressed  as   follov 

.CC1S  /     \G5H5 

,  >0  +  2   C,.H,    =   C-Hf  /0"    '    -|-   2  HC1. 

-^GO  6    6  8\/ 

GO 


/C6H5  c/C6H5 

/GXC6H-  /°^C6H5 

C6H4     >0Q  °  +  KOH  =  CgH^    X0H 

CO  COOK 


r/°6H5  /C6H5 

C  CTT 

C6H4  0H    +   2  H  =  C6H^  +  H 

^COOK  ^COOH 


/C6H5 

.CH^ 

C6H5 

+  Ba(0H)2  =  C6H5CH(C6H5)2-f-BaC03-f 

'COOH 


6   4n 


(1)      Bull.  32.    J 


form.  ■        .   .  Lc- 

i 
no  in  '  '  "  • 

chloride  r.re  often  att  .       molecular  r  its 

'  .. .  "         .  P  the 

Lphenyl  derivative  might  be  due  t 
Th:  *e  moved, 

the  same  product 
of  mercury  di phenyl. 

These  facts  point  umnistakeably  to        ;   let- 
rical  f       "or  phthalyl  chloride.         are ,  on   the 
other  hand,  certain  facts  v/hicft  seem  to  point 
strical  formula  for  this  substa 

In  his  article  upon  the  chlorides  of  dioa.  "c 

f  9  ) 

Auger''-"'  di:  c  objections  and  gives 

of  his  own  experiments  on  thi  :ub- 

1.   The  formation  of  the  orthophtl 
by  reduction  with  sodi      Igam  in  ftt&i?j&  acid, 
ion  seeming  to  point  be  ' v   ymmetrical  formula, 

action  of  an  u 

C6H4\  >0  +  4  H  =  C6H^   >0  +  2  HC1. 

CO  ^co 


(1) 

(2)  239. 


/  /CHo0H 

>o   +H20  =  C6Hr 
XC0  ^-GOOH 

^  CHgOH  .cr 

6   4^C00H  6   4\CK^0H 


or  mora  simply: 


.cr0  .CHr>OH 

°   *^C0  ^CHg0H 


2.      Tl  5  questi  he   id 

:  acid    I    prepared  from  the  silver  salt  - 
an  alkyl  '  iide,  or  by   means  of  the  chloride  and 
coholate,  has  been   settled  by  GraebsVi/,  wl   f    3  tl 
leal  whether  prepared  oy  one  method  or 
.r.    In  the  cas      he  esters  of  tetrachlor  phth 
Lc  acid,  howev    "  roun        Lsm. 

action        aia  upon  phthaly.l  chloride 
i  the  subject  of  several  invest'. 

''   ammonia,      Fter  the  react' 
taken  place  added  hydrochloric  acid  in  ex 
then  heated  the  mixture  in  order  to      .,re  the  preci 
itate  which  had  b:      ned  upon  the  addition  of  the 
acid.    Upon  cooling,  ordinary  phthalimide  cr„ 
out.   He  also  obtained  on  one   occasion  a  nubs' 
' th  phthalim  L92. 

ted  by 


tl)  1_6.  860. 


ride: 

+  mu  =  c6h^ 
-coci         "^co 


C6H4      -f  NH3  =  C6H£ 


In  repeating  the  work  of  Kuhara,  Auger   'obt? 
ed  quite  different  results.    He  isolated  a  substance 
which  he  considered  to  be  the  u.       ucal  di amide  s 
from  it  by  the  action  of  hydrochloric  acid  he  passed  ' 
what  he    f  ;ed  to  be  the  correspc         de. 
Lmide  melted  at  145  to  a  clear  liquid  which  soon  solid- 
ified and  subsequently  melted  at  228°,  the  mell 
of  the  symmetrical  imide.    He  represented  the  vc    st 

/CClg  .C(NKo)2 

I.  C6K4    >0  +  2  NH3  =  C6H4    >0  '    +°  HC1. 

^co  '\co 

C(NHS)2  .C  =  NH 

II.    G6H4  /0     +  HC1    =    C6H4  >0    +  NH^Cl. 

XG0  \co 

C  =  NH  CO 

III.    CgH^       >0  when     heated    =  CgH^  >NH. 


Had  these  reactions  remained  unquestioned  they 
Id  have  been   regarded  as  strong  evidence  for  the  un- 

Lcal  formula  of  the  chloride.    In  a  later 

(2) 

igat,'  "-d  that  Au; 


(1)   Loc.  cit. 


•  0. 

■ 

by   the  act'  on  the  chloride  '  ty 

eid.    It  was  this  sub::  Lin- 

pure  st     "  Lch  Auger  had  descri 
imide.    The  pure  cyan   acid  melt;-,  beta     180  and  !>°0 

pendi  apidj ty  '  ating,  ^nd  is  t 

formed  into  the  symmetrical  imide. 

is  also  effected  by  boili:    Lt   water.    Kv"         re- 
tained the  cyan  acid  once  in  a  pure  condition,  but  \ 
failure  to  obtain  it  a  second  time  lay  Ln  t! 
purification  which  ho  adopted.  ""-  »  boil- 

ing with  water  converts  the  acid  into  the  symm  '  -" 

and  it  was  this  substance  which  Kuhara  obtained 
from  the  reaction.    Hoogewerff  and  Van  Dorp  believe  tl 
the  conversion  of  the  chloride  into  th   cyan  acid  t^' 
plae      '    '  The  first  action 

the  formation        isym  ^rical  imide,  which  i 
in  the  alkaline  solution  and      '  itely  passes  into 
cyan  acid  by  a  molecular  re -arrangement : 


C  =  NH 


G6H4x   >0  -  -^C6H4^ 


*C0  "N300H 

acid  into  + 

imide  5        .ccompanied  by       eular  r 

CN 

^COOH^^  C-H^    >NH. 
6  4^G0 


The  we  i  .,  ;  to  a:c 

al  natu       hthalyl  chloride  that  II 

any  doubt  of  its  correctness  can  ex' 

SUCCINYL  CHLORIDE. 

Succinyl  chloride  was  di       I     ■   «    . 

zza.      Tl   reduction  of  f  it  stud- 

(P) 

by   Saytzeffv, 'w  who  regarded  the  product  thus  ob' 

accinic  aldehyde,  in  consideration  of  certain  of  its 

f 
reactions;  an"   t  was  not  until  "1980  that  |    ,t- 

ed  out  that  its  chemical  conduct  placed  it 

of  lactones.    Ke  accordingly  assigned  to  it  the  form 

CI 

C2H4   >0 

xco 

analogous  to  phthali r  In  the  same  ye        -  ...  is- 

ion  was  reached  by  r       '  by  a  different  method. 

In  st i.-  ;     the  action  of  benzene, in  the 
of  aluminic  chloride , upon  succinyl  chloride,  Auge      ?v- 
ed  that  while  90  per  cent  of  the  reaction  product 
in  the  case  of  phthalyl  chloride,  a  lactone,  a  small  quant- 
ity, about  10  per  cent  of  the  '   i  ric  symmel         '  .ct 

always  obtained.    The  former  must  then  be  a" 
a  chloride  of  the  uni  .  j  .   '  ' 


(1)  Ann.  Cheia.   87.  293. 

(2)  ~ 

.  I.  chera.  Ges. 


' 


.cci2  /crc6H5^r: 

/O  +  °  C6H6  =  C2H4    )0    -f  2 
XC0  XJ0 


,  G0C1  .C0G6H5 

CpKX       +  2  C_H.  =  CPH^      "  4-  2  HC1. 
^4N30C1      6  6     2   XGOC6H5 


In  the  reactions  with  ammonia  Aug."      Lbes  the 
'mation  of  an  u      '  deal  diamide  and  imlde  ■ 
case  of  pht]        loride.    It  is  probable  that  his  ob- 
serv-  "  i  n  error,  '  however,  and  that  the 

ion  proceeds  as  has  been  pointed  out  in  the  latter  cz 
:oogewerff  and  Van  Dorp. 

The  chloride  of  malonic  acid  v/as  prepared  by 

-  chloride  to  react  upon  the  free  acid. 
The  chlorid.  I  to  investigation  with  t\ 

pose  of  determining  whether  it  too        the  un:  . 

:tructure.    The  reaction  of  benzene  and  aluminic  cl 
final  product  dibonzoy'-'-  methane. 
rical  compound.    Among  the  react  io] 

•  i  of  malonic  and  urea  in  the  presence 
.,  chloride  of  phosphorus  to  form  barbituric  acid,  poi.y 
ed  to  the   j  .'inula  for  the  chic 

acid.  t 

reage.t'.       r  md  be  a       is. 

(1]  30.  2268  '" 


In  t  L,  it  is  seen  ' 

3  acids  from  which  unsymmetrical  chlorides  have  u- 
L  are  those  having  th  Lr  carbox;  J 

or  1  -  4  poniti        '  ice  these  acid.^  form  s 

metrical  chloridt 
od  bj  the • intermediate  formation  of  the  a 

and  the  subsequent  action  upon  it  by  the  c1 

.  COOH  CO 

C-.K.       +  PCI-  =  C,H,T     /°  +P0C1,+  2  HC1. 
6  ^COOH      °      6  4^C0 


^CO  /COlo 

C6HiC    >0  +  PC15  =  G6H4C    >°  +  P0C1' 
XC0         Q  XC0 


On  the  other  hand  there  is  the  possibility  tl 
the  int  formal   n  of  an  anhydride  does  not 

era  the  formation  of  the  unsymmetrical  chloride, but  t 
the  Y   position  of  the  carboxyls  is  the  deJ.       Lg 
fluence.    In  order  to  test  this  point  Auger  r 
glutaric  acid.    Here  the  carboxyl  groups  are  in  the  1-5 
or  5  posj  '  ...    The  acid  form      .'iydride  on  simple 
distillation,  howev   .    The  pentachloride  of  pho  ph 
us  would  in  all  probability  bring  about  this  change,  and 
the  resulting  chlori  j  Lf  its  f  Fili- 

ation is  of  anh;   '. de. 

exr  . 
. 


ig  round... 

"" 
ylic  acids  is  dut 

^endent  upon  t] 
form       f  !   anhydride. 

Another  explanation  of  the  facts  ab  '  red 

to  ;ible  to  the  pr   nt  writer.    Th       ''"ion 

of  anhydride  by  the  action  of  phosphorus  pen' 
on  organic  acid   -   bably  takes  place  in  two  st  ^ 
follows: 


COOH  ^COCl 

I.   C6H£T      +  pCl5  =  G6H^      +P0C13  +  HC1. 
XC00H  b  XC00H 


^00  Gl        ^00 
II.   0«Ka    1   =  c.h;;    >0  4-  HC1. 


'6n4 


\ 


GOO 


^CO 


The  chlorination  of  only  one  of  the  carboxy: 
due  to  the  fact  that  they  are  in  the  ortho  j 
succinic  acid  the  same  tendency  would  h 
tendency  to  form  anhydrides  becomes  lesi 

y,   cboxyl  groups  is  incr       glutaric  acid 
being  the  last  member'      series  to  yield  an 
on  simple  distillation.    In  the  aromatic  series  meta  and 
para  anhydrides  are  not  formed.    Y/ith  the  deer 
tidency  to  form  anhydrides  the  tendency  to  fern, 
rical  chlorides  disappears,  a  fact  whi 
bj      ...  ng  that 


55. 

alt   in  1  n  '  sal   chlorid. 

GHcGOOH  CH-COC1 

I  I    2  , 

0Ho  +2  PCU    =    CH«        +2  POCl^+  2  HC1. 

GHpCOOH  CH2C0C1 

The  formation  of  u  J    '- rical  chlorides  from  1-4  ac' 
may  then         lent  upon  th:  intermediate  formal 
ie. 
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